Diabetic foot ulcers are a serious complication of diabetes with high costs and adverse sequelae, such as lower-extremity amputations. International guidelines recommend that all people with diabetes should have their feet inspected at least once a year. This study is aimed at determining whether socioeconomic factors influence the probability of having the feet inspected by a chiropodist on a nationally representative sample of people with diabetes. We estimate a logit model for the choice determinants of foot inspections among people with diabetes. Of all people with diabetes, 73% have not had their feet inspected by a chiropodist. The results indicate social and geographical inequality with regard to diabetic foot care. Especially for ethnic minorities, people with low income and people living in rural and remote areas. The findings are robust to a series of sensitivity analyses. JEL classification: D01, I11, I14
Introduction
Today, diabetes is a major public health problem in terms of financial and social consequences, and its magnitude is predicted to grow rapidly in the future (Carstensen et al., 2008; King et al., 1998; Nita et al., 1992; Sortsø et al., 2016) . Diabetes is not only associated with a massive economic burden but also mortality and reduced quality of life. In Europe, it is estimated that more than 600 thousand people with diabetes died during 2015 (IDF, 2015) and that many more have serious complications due to their diabetes. Diabetic foot ulcers is one of these serious complications of diabetes and are associated with high costs and potential adverse complications (Armstrong et al., 1998; Boulton et al., 2005; Danish Health Authority, 2011) . Studies show that 25-28 % of foot ulcers may result in lower-extremity amputations and of these 50% lead to death within five years (Armstrong et al., 1998; Danish Health Authority, 2011) . The costs of healing a diabetic foot are estimated to be EUR 21-34,000 in Denmark (Kruse & Nørregaard, 2012) . When an amputation is subsequently performed, the costs are estimated to increase to EUR 55-80,000. Kruse & Nørregaard (2012) highlight the need for effective strategies to prevent or reduce diabetic foot ulcer complications.
International guidelines on the prevention of foot problems in diabetes recommend that all people with diabetes should have their feet examined at least once a year (Schaper et al., 2017) . Studies have shown that regular foot inspections can reduce the incidence of foot ulcers and the number of amputations (Boulton et al., 2005; Cavanagh et al., 2005; Edmonds, 1999; Lavery et al., 2005; Lavery et al., 2010) . For example, a randomized controlled study from 2003 suggests that regular preventive care by a chiropodist may reduce recurrence of foot ulcers among diabetic patients (Plank et al., 2003) . Another example is an American study showing a 47% decrease in amputations after implementation of preventive initiatives (e.g. podiatry) (Lavert et al., 2005) . Despite the importance of foot examination at least once per year and the potential severe complications, personal costs and costs to society, surprisingly little knowledge exists about who has their feet inspected by a chiropodists and whether there is systematic variation in the inspection propensity among different sociodemographic groups. Identification of such variations would be of significant importance in order to implement actions to alleviate the differences. The existing literature is often limited by small sample sizes. For example, Mirmiran et al. (2000) examined 392 people, whereof 22% did not have their feet examined by any health care provider. Another problem in the literature is the use of selected samples. Gibson et al. (2014) , who estimated the effect of foot therapy through matching among people with health insurance. Their model includes almost 50,000 persons with insurance through their workplace, making the analysis biased towards people with work-paid insurance. They do not consider the weakest population groups, who also are associated with large societal costs in the Nordic welfare systems with free access to treatments. Moreover, some studies consider surveys of people with diabetes' knowledge of foot therapy (George et al., 2013; Pollock et al., 2004) and the effect of foot therapy on amputations and foot-related admissions (Cavanagh et al., 2005; Edmonds, 1999; Lavery et al., 2005) . A study from 2010 uses a survey to examine the socioeconomic differences in people with diabetes with or without foot-problems. However, the study does not investigate who is trying to prevent the problems (Nather et al., 2010) .
Using a 100% registry of all diagnosed Danish individuals with diabetes (321,075 persons), we estimate the propensity to have your feet examined by a subsidised chiropodist at least once per year. The subsidy alleviated cost of visiting a chiropodist is EUR 25. The data gives a unique opportunity to obtain credible insights into who follows the recommendation to have their feet by a chiropodist inspected at least annually and who does not. Our contribution to the literature is a significantly larger number of included individuals and an unselected population, as we include the entire population of people diagnosed with diabetes.
The objective of this study is therefore to obtain knowledge on which socioeconomic factors that influence people with diabetes to have an annual diabetic foot inspection by a chiropodist. In order to be able to reduce health inequalities in relation to preventive foot therapy and thus possibly prevent costly treatments in the health system in general, it is important to understand systematic differences in who have their feet inspected annually. If we can identify the groups of people who do not follow the recommendations, then we can potentially identify effective strategies to convince people into taking better care of their feet.
1.1
A theoretical approach In a classical lifecycle-investment framework, health behaviour, such as time spent on having your feet examined by a chiropodist, can be viewed as an investment in health capital. Grossman (1972) was the first to formulate a theory on investments in health capital.
Together with Becker's (1965) theory of allocation of time, according to which individuals are seen as producers and not only consumers of goods, a theory of opportunity costs appeared. The influence of opportunity costs on health behaviour has previously been discussed in the literature. It has been argued, for instance, that future opportunity costs may play a role in health behaviour that has significant future consequences for the ability to work and thus future income (Cowell, 2006) . Another example is Cutler et al. (2003) , who concludes that reduced time spent on food preparation can in part explain the increasing obesity rates in the US.
Our focus is to empirically test, which people with diabetes that invest time in having their feet examined by a chiropodist annually, which do not. We do that by regressing the visit to a chiropodist as a function of a range of sociodemographic variables, such as gender, age, income, education, marital status and ethnicity. The inclusion of the latter is inspired by the findings of Ettner et al. (2009) and Priebe et al. (2011) . They find differences in knowledge of health treatment and self-production of health care between ethnic groups. We also include urban/rural variables to test if access to chiropodist care influence the propensity to have been at a chiropodist. Finally, we include information on the number of years since the individuals were diagnosed with diabetes.
Data
The study is based on the National Diabetes Registry in 2012, which identifies the majority of all people with diabetes in Denmark based on administrative registries (Carstensen et al., 1998; Carstensen et al., 2011; Green et al., 2015) . In total, 321,075 people with diabetes were identified in 2012. The information on the publicly supported service of foot therapy for people with diabetes is from the National Health Insurance Service Registry (registered with the code 54). The registry data include all diabetic foot-related consultations, including preventive (i.e. individual insoles and orthotics) and trimming treatments (i.e. removing calluses) or foot ulcer treatment (i.e. wound care) 1 . A common feature is that all diabetesrelated consultations involve a foot inspection. In the analyses, we soley focus on preventive visits and trimming treatments. The reason is that we do not have data on, which people with diabetes who have footulcer or not. Without this information, we cannot exclude all those people with diabetes who do not have footulcer and thereby control for selection. In the analysis, we join the data on preventive treatment and trimming treatment in the analyses. The reason is that feet inspection is carried out on both treatments and that a clear distinction in registation between trimming and feet inspection is not established on chiropodist level. Often a feet inspection will include some type of trimming, but is not recorded as a specific trimming treatment in the register 2 .
Via the national registry data, we have access to a wide range of socioeconomic data, such as age, gender, marital status, income, education and ethnic background. Furthermore, information on the municipality of residence is used to calculate an urbanisation index, which is divided into the following four categories based on parishes (Ministry of Housing, Urban and Rural Affairs, 2013): urban areas close to the largest cities (urban areas), urban areas further away form the largest cities (intermediate urban areas), rural areas close to the largest cities (rural areas), and rural areas further away from the largest cities and small islands (remote areas). 1 The specific codes in the registry are as follows. Preventive: 542150, 542151, 542152, 542153, 542154, 542155, 542156 and 542157. Trimming: 542172, 542173 and 542174. Foot ulcer treatment: 542175 and 542176 2 The arguments put forward are based on consultations with the Danish Union of Chiropodist.
1.3
Statistical analyses This study is a cross-sectional study based on data from 2012. Multiple logistic regressions were used to estimate significant (p < 0.05) differences in socioeconomic and geographical factors between the two cohorts of diabetic patientsone with and the other without a diabetes-related visit to a chiropodist during that year. Included as explanatory variables are gender, age, income (divided into quartiles), education (divided into basic school, vocational education, short-cycle higher education, medium-cycle higher education and long-cycle higher education), marital status (divided into living alone, married/cohabiting and other), urban index, ethnic background (Danish, immigrants from Western countries and immigrants from non-Western countries) and time since diabetes diagnosis. Thus, both general variables, such as gender and age, and variables indicating socioeconomic status are included. We suspected that income did not have a linear relationship with the use of podiatry, which is why we divided income into quartiles (categorical variable). This assumption did not change the estimates or significance compared to the estimates, when performing a spline analysis (not shown). The time since diabetes diagnosis is divided into three categories; 0-4 years ago, 5-10 years ago and more than 10 years ago. Each group contains almost a third of the people included.
The statistical analysis was carried out using SAS 9.4 and Stata 14. Since we are working with sensitive personal data, the analyses are performed on Statistic Denmark's servers, where all persons are anonymised and the data accessibility requires an individual research application.
Results

2.1
Descriptive results In total 321,075 people were identified with diabetes in Denmark in 2012. A person having one of the six following criteria in the Danish health registries in the years 1972-2012 is defined as having diabetes in 2012. The criteria are 1) had at least five blood glucose measurements within a period of 365 days, 2) had an hospital admission with diabetes as diagnosis, 3) used the service of "foot therapy for patients with diabetes", 4) redeemed two prescriptions for insulin within a period of six months, and 5) had at least two blood glucose measurements per year over a five year period. Classification of type 1 and type 2 diabetes is not possible based on the registry data. However, for this analysis the classification is not needed, as foot therapy is relevant for both types of diabetes. Table 1 shows the number of people with diabetes distributed by age, gender and other socioeconomic variables included in the subsequent analyses. The distribution for the whole Danish population is shown as benchmark. The distribution of men and women is fairly even, and as expected the group of people with diabetes is older than the general population. The level of education is lower and the proportion of people living alone is higher than in the population as a whole. This may be related to the fact that people with diabetes are older. People with diabetes primarily live in the urban areas. However, the distribution is not markedly different from that of the rest of the Danish population. Among the people with diabetes in the sample 27% of people with diabetes have been to a publicly subsidised chiropodist.
2.2
Average results Regression results for having your feet inspected annually are shown in Table 2 . The results are shown as estimated marginal effects. If all groups had the same propensity to have their feet inspected by a chiropodist, all results in the regression should be insignificant, as we are measuring differences between the groups defined by the chosen variables. However, almost all variables are significant. The results indicate a social inequality when it comes to having your feet checked annually. There is significant income inequality in having your feet inspected. The individuals in the second, third and fourth income quartiles have a 2.74%, 2.99% and 1.10% higher probability, respectively, of visiting a chiropodists compared with those in the first income quartile. Interestingly, the people in the fourth quartile have a significantly lower probability of having visited a chiropodist relative to the people in the second and third quartiles (p-value<0.001).
In line with the finding of Ettner et al. (2009) , we find that immigrants from Western countries and, even more so, immigrants from non-Western countries have a lower probability of having had their feet inspected by a chiropodist compared to native Danes. More specifically, the western and non-Western immigrants have a 3.13% and 13.40% lower probability, respectively. The 13.40% lower probability is very large considering that the average probability in the sample is approximately 25%.
Another key variable of interest is the urban index. Here the results suggest that the people living in remote areas have a 3.41% lower probability of having had a diabetic foot inspection by a chiropodist in 2012, while people living in rural areas have a 0.49% lower probability of this. Interestingly, the persons living in the intermediate urban areas have a 1.35% higher probability, compared to the reference group of people living in urban areas.
Men and singles are 0.6% and 2.1% less likely, respectively, to visit a chiropodist than women and cohabiting/married people. For each year of age, a person with diabetes have a 0.44% higher probability of having the feet inspected by a chiropodist. Moreover, the longer people have had the diagnosis the more likely they are to have had their feet inspected by a chiropodist. If the diagnosis was made more than 10 years ago, people with diabetes are 14.5% more likely to receive preventive treatment, than a person who was diagnosed less than 5 years ago.
2.3
Heterogeneity analysis In Table 2 , the average relations are estimated. In the following sections, we will analyse whether the average relations are consistent or if they vary with regard the regional area, the year of diagnosis and the applied urban index. The relations between visiting a chiropodist and the different individual variables on a regional level is of particularly interest, as the Danish health care is administered on regional level. Accordingly, variation across regions will give valuable insight into, which groups of people with diabetes that do or do not visit a chiropodist in each region. Visits to a chiropodist conditional on years since diagnosis may also give important information about potential difference in the relations between visiting a chiropodist and different variables, as the impacts of diabetes increase with years of diagnosis. The analysis will give indications of which groups of people with diabetes that early after diagnose visits a chiropodist. Finally, exploiting the applied urban index may give information about specific groups of people with diabetes who do or do not visit a chiropodist. This might be particularly of interest in the rural and remote areas relative to the urban areas. The descriptive statistics for each sub sample in the heterogeneity analysis are in Appendices Table 1-3.
Regional level
The regional conditional models are presented in Table 3 . In the relation between years of diagnosis and having seen a chiropodist, there seems to be a general trend across the regions. The more years since the diagnosis the higher propensity that a person with diabetes has seen a chiropodist. The estimates for having had the diagnose for 5-10 years in the case of Capital Region of Denmark and Region of Southern Denmark are though small, and insignificant in the case of the former. The differences between men and women are only significant in North Denmark Region and Capital Region of Denmarkboth in favour of women. Moving on to the income relations, we generally find higher probabilities of visiting a chiropodist in the 2 nd -4 th income quartile. Some of the estimates are though insignificant, such the estimates for the 3 rd and 4 th quartile in the North Denmark Region sample. All age relations estimates are positive as in the model in Table 2 . The estimates for the educational relations are generally consistent. People with a medium-cycle or long-cycle higher education have a lower probability of having seen a chiropodist in all the regional samples. The influence of being married/cohabiting is generally consistent, though not always significant, when compared to the estimated relations in Table 2 . The rural index relations are mixed across the regions. In the case of Region of Southern Denmark, people living in intermediate urban areas have a significant lower probability of visiting a chiropodist, compared to person living in urban areas. Accordingly, the Region of Southern Denmark people with diabetes in the urban areas have the highest likelihood for having seen a chiropodist.
Region of
Furthermore, people in rural areas in Capital Region of Denmark and Region Zealand have a higher probability of visiting a chiropodist, compared to person living in urban areas in the two regions. The immigrant relations are consistent across the five regions compared to Table 2 , though the estimates for Western Immigrants are not significant in all models.
Years since diagnosis
In Table 4 , the estimated relations between gender in Table 2 vary significantly conditional on year of diagnosis. Women appear to be better in visiting a chiropodist in the first years after been diagnosed with diabetes, when compared to men. However, when comparing men and women among those who have had their diagnosis in more than ten years, we see the opposite and significant relation. The marital status, education and income relations are in line with the findings in Table 2 . An exception is that people in the 4 th income quartile does not have a significantly higher propensity compared to people in the 1 st income quartile group conditional on more than ten years since diagnosis.
With regards to the urban index, we find that only people living in remote areas have a lower probability of having visited a chiropodist, conditional on 0-4 years since diagnose. As the years since diagnose increase, the models suggest an increase in rural and remote area inequality. This suggests that among the people with diabetes that potentially need an annual feet status the most (10+ years since diagnose) people particularly in remote and rural areas are worse off. The same relations seem to be present in the case of being an immigrant from a Western and particularly non-Western country. The longer since diagnosis, the less likely a visit to a chiropodist is, when compared to people with diabetes with a Danish origin. 
Urban index
The final analysis of heterogeneous relations is done with regard to the urban index. The models are in Table 5 .
Except from minor differences in the significance of the parameter estimates, the relations between visiting a chiropodist and the tested variables seem to stable across the four urban area types and overall in line with the average estimated relations in in Table 2 . The models only find significant differences in gender in the urban and remote areas. In both cases, females have a higher propensity (though <1%) to have visited a chiropodist compared to males with diabetes. The income patterns also seem to be in line with the results in Table 2 and across urban area types, though the estimate for the fourth income quartile is insignificant in rural and remote areas. Finally, it is worth noticing that the Western immigrants in the remote areas do not have a significant lower propensity to have visited a chiropodist, when compared to a native Danish person with diabetes.
Discussion
To our knowledge, this is the first study on publicly subsidised foot therapy among people with diabetes performed on a complete nationally representative sample. We find that 73% people with diabetes do not have their feet inspected by a chiropodist. Our model results indicate that some socio-demographic groups have a lower likelihood of having received a foot inspection. Specifically, we found that, ethnic minorities, people living in rural and remote areas, singles, men and the lowest income groups are significantly less likely to visit a chiropodist.
Starting with the latter, it can be argued whether there are any economic barriers to visit a chiropodist, when the costs are as low as 25€. Our results suggest that it may be the case anyway. The persons with diabetes belonging to the lowest income group has an annual gross income of less than EUR 15,300 €. Prioritising 25€ might be a major obstacle for these persons with diabetes. However, in the highest 25% of the income distribution we find an unexpected less positive trend in relation to visiting chiropodists. An explanation might be that this study is limited to examining the publicly subsidised podiatry services. The results of the analysis should therefore be seen in the light of the fact that some people may be more likely to receive treatment from non-subsidy eligible chiropodists, in that people with high income might use private chiropodists instead. Almost 45% of all registered chiropodists do not receive any subsidies (sundhed.dk, 2015) . One of the reasons for choosing an unsubsidised chiropodist is a potential higher flexibility in terms of getting an acute appointment. The waiting time for an appointment at a subsidised chiropodist is as high as 6 months (or even higher in some areas), according to the Danish regional health assessments (Region Zealand, 2015; The North Denmark Region, 2016; The Capital Region of Denmark, 2013) . This might make an unsubsidised and more expensive chiropodist a preferable choice, if the disutility associated with longer waiting time exceeds the higher direct costs of treatment. Clearly, this is speculative, but it is in line with the positive relationship between higher income level and a higher demand for private health care compared to public health care, as found based on UK data (Propper, 2000) . The results are also in line with other findings of a positive relationship between longer waiting lists for public health care and demand for private health insurances (Besley, 1999) . However, further research is needed to investigate this possible explanation. : 0-4 Moving on the findings that immigrants from Western and particular non-Western countries have a lower probability of visiting a chiropodist, at least two factors may explain the findings. First, Ettner et al. (2009) find a higher self-production of foot care among ethnic groups relative to general population. With this in mind, we would expect (all else being equal) and we find a lower demand for professional foot care among the ethnic groups of persons with diabetes. Naturally, we cannot make such direct comparisons between the demands for foot care in the US and Denmark, but the two studies seem to support each other. The second factor that can influence probability of visiting a chiropodist may be explained by simple language barriers/ cultural differences. Among nonelderly with a health insurance Fiscella et al. (2002) find that disparities in health-care use by race and Hispanic ethnicity (Fiscella et al., 2002) . Fiscella et al. (2002) argue that the disparities in care can largely explained by differences in English fluency. Similar results and languages barrier arguments are highlighted in an intervention study aimed at increasing the likelihood on receiving at least one hemoglobin A1c (HbA1c) test, LDL cholesterol test and retinal examination each year among people with diabetes (Meng et al., 2016) .
Interestingly, we find a lower demand for having the feet examined by a chiropodist among the more highly educated persons with diabetes relative to the persons with the lowest educational level. It is difficult to verify the causal process that might be behind these results. Ettner et al. (2009) found that more highly educated persons have a lower selfproduction of health care, which would make us expect a higher demand for professional care in our study. This is in contrast to our findings. However, one explanation might be, as in the case of the higher income groups that the demand for private health care relative to public care increases with the level of education, as found by Propper (2000) .
Finally, we would like to touch upon the estimated urban density relations. The results denote a negative spatial relation between the level of urbanisation and the probability of having visited a chiropodist the past year. In the figure below, we have plotted the distribution of chiropodists in Central Denmark Region and the division of the urban/rural areas used on our analysis.
Figure 1: Distribution of chiropodist in Central Denmark Region with regard to applied urban index
Note: The figure is based on our own regional map and the map in Central Denmark Region (2011) page 14 (Central Denmark Region, 2011). Figure 1 illustrates that people with diabetes living in remote (green) areas have substantially longer distance to the nearest chiropodist, compared to persons with diabetes living in urban (red) or intermediate (red and white chequered) urban areas (Central Denmark Region, 2011) . Our models clearly suggest that distance to the nearest chiropodist seems to drive the urban/rural relations. These results are in line with the health demand and spatial literature, see for example Luo and Wang (2003) and Wang and Luo (2005) . However, it does not explain why we observe that persons with diabetes in the urban areas have a lower probability to have visited a chiropodist compared to persons with diabetes in intermediate urban areas. One potential explanation could be that the number subsidised chiropodist in the urban areas are relatively few compared to the number of persons with diabetes. Another explanation may be that there is a higher number of non-subsidised chiropodist in the urban areas, which may make especially high-income groups to use the non-subsidised chiropodists. Unfortunately, there exist no such measure of the number of persons with diabetes per chiropodist on our urban index level. This makes it difficult to verify this argument. In summary, the spatial findings suggest that an increase in probability of visiting a chiropodist may be obtained by reducing the spatial barriers. The spatial barriers could be reduced by more physical chiropodists in the remote areas or by using mobile chiropodists.
A final set of results worth discussing are the heterogeneity models. There are some differences in the models across health regions, years since diagnosis and urban index area. However, the conditional models do not give strong indications of that the observed inequalities in Table 2 differ markedly. One result that should be pointed out is the apparent increasing in inequality between people different ethnical backgrounds in relation to the years since diagnosis. The results point towards that the gap between people with Danish and non-Western origin increases the longer people have had a diagnose. People from a non-Western country who have had diabetes for more than ten years have as much as 16.7% lower probability of having visited at chiropodist, when compared to native Danes. This numbers should be seen in light that the average probabilities of visiting a chiropodist are 26.6%, 32.8 and 57.1% for people who had diabetes for less than five, five to ten and more than ten years, respectively (see Appendices Table 2 ).
3.1
Data and method The validity of the data used is crucial. The Health Insurance Service Registry is generally considered credible, as it is considered unlikely that there are systematic errors in relation to the registered consumption among people with different socioeconomic characteristics. This is mainly due to registrations being necessary for the chiropodists to receive remuneration for their service.
The Diabetes Registry is a validated registry identifying the majority of people with diabetes (Carstensen et al., 2008; Carstensen et al., 2011; Green et al., 2015) . However, some inclusion criteria are more uncertain than others. In sensitivity analyses, the logistic regression was divided in relation to the inclusion criteria and the inclusion dates. Furthermore, a regression was done exclusively on the people who met only the two most uncertain inclusion criteria for blood glucose measurements. Most of the results were robust. The greatest uncertainty was found in the estimates of gender and regions. In general, the results do not change when we perform different sensitivity analyses.
One drawback of our study is that we only have data for 2012, which is the most recent data presently available. We are not familiar with organizational changes of chiropodists potentially affecting the interpretation of the results in the current environment (primo 2017). This means that the analyses only look at a snapshot of the conditions in 2012, without including historical factors, such as previous diagnoses or foot treatments. This means that if a person used a professional caregiver in 2011, and thus did not require treatment in 2012, this could lead to biased results. The credibility of the results could be strengthened by expanding the analyses to include information on, for example, previous foot ulcers and disease history (e.g. Charlson Co-morbidity Index). Furthermore, in our study it is not possible to show causal effects of foot therapy. This would necessitate further studies of the relationship between foot therapy and amputations and other treatments in hospital.
Conclusions
According to the international guidelines on the prevention of foot problems in diabetes, all patients with diabetes should, as a rule, have an annual visit to an authorised foot clinician. Therefore, the 27% of the identified people with diabetes who have visited a foot therapist constitute a low proportion, considering the clinical recommendations. Thus, it would be interesting to investigate whether there are socioeconomic differences that can give a picture of whether there are inequalities as to who seek publicly supported foot therapy in Denmark.
The results indicate that the use of foot-care services for persons with diabetes is unevenly distributed. Among the people identified with diabetes, those with a low income, ethnic minorities (especially non-Western), living in rural and remote areas, men and singles have a lower likelihood of having receiving foot therapy than those with a high income, a Danish background, living in urban areas, women and cohabitants/married people.
The results indicate that there is a potential for motivating more people to visit a chiropodist for diabetic foot treatment. Understanding these differences opens up the possibility of reducing health inequalities in relation to preventive foot therapy and thereby possibly preventing costly treatments in the health system.
